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© Sub-band diversity transmission system. 



To solve this problem the slonaTto be 9 ° ban6 W,dth °' the si 9 nal t0 be transmitted, 

of sub-band signal. Correspondi g ZSlZ^Si 7«T ^ ^ ^ ' ' * 38 > int0 a "-*er 
(40.42 ... 44) into comZ^^^^^ 6 ^^^' are combina « by the combiners 
band signal by a final combiner (46) combined sub-band signals are combined to a broad 
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of the channels. comprises combm.ng means for combining the output signals 

The invention is also related to a receiver for use in such a system 

ma oulpul signals of 11.0 channels selacUnoTh TJ^Z . T * '"■ ° xm ""* "» s,m <"» M «"9 
Si , T o, ,. canals. »„o JiSS ST ^=12SSS n,M " "° M " 

channels. By splitting the output sianai of «»rh tho . ^' th ' s part ,s dlffer ent for different 

to con Mm ^^fy t ^ [ ^ u ^ , ^^ '"«»• "umber of sub-band channe.s, i, is possible 

. signal of a satisfactory oCJEZSj Z*S ^ *° ° b,a ' n 3 ^ C ° mbined 

-J^s^ iT P rrnr 0 ; n a th c at the rec r r comprises ^^■n*™? at 

channe. comprises the radto 2 between a ,r 'nsmittt a C °™ Spond,n 9 channel ' ,n ^embodiment-each 

rr*ft^^^ 

used in the invention. TheToZ 'on ^c!^J!!Z^^ * ^ whteh C ™ be 

^anV^^^ 

signals from different directions 'once.vable. '""her possibility is the use of antennas receiving 

a S^^^il^^S th . at the output si9nal 0f a chan - ~"P"~ 

frequency division muTZersional Bv ci * ^ C ° mPnSeS " ' 6aSt 0ne c ° m P°™"t of the 
division ^mt^ ^^^^SL^S T SUb " b3ndS in C0 " es P°"«ence to the frequency 
separating the' received signa ta in" sTb-LTfor te Tv^ " 9 ^ " Simu,taneousl V — 
received (frequency divisionVu.tiZed) signal d ' VerS " y reC6Ptl0n ' " d «P'°™g the 

Divisio n MultiptexedLnate a ZZ^ul^ ° f V*" 19 the invention for 0rtn °9°nal Frequency 
costs, because the spSf of Z e™L7Z7% be K ° b,a,ned w,thout m «* extra imp.ementation 

JJ J *~ Herein shows: 
Ro 3 a IS , * ,ransrnission ~hich the invention can be used; 

F.g. 6 a first embodiment of the sub-band combining means in the figures 3.4 and 5; 
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Fig. 7 a second embodiment of the sub-band combining means in the figures 3 4 and 5- 
Fig. 8 a third embodiment of the sub-band combining means in the figures 3 4 and 5- 

reiivingantenna 119 (ind ° 0r) SP6C,rUm °' " ° FDM Si9na ' at ' W ° d '' f,eren, positions of ,he 

'« the transmission system according to Fig. t, an output of a signal source 2 is connected to an input 

c nneMO Tn o iTVL *? °' ^ tranSmitter 4 iS C ° up,ed ,0 a ,irst ° f ■ ™«™ 16 lia a 

aS Tn n t , «™sm,tter 6 is coupled to a second input of the receiver 16 via a channel 12 

nlT °T 6 ,ransmi,ter 8 is c ™Pt°« t° a third input of the receiver 16 via a channel 14 AUhe 
output of the receiver 16 a destination signal is available 

channe!s he iu r i2TnH Si frK yS,em "T^" 9 * ^ 1 the S0UfCe Si0nal iS titled via three separate 
? I , V meanS ° f ,he transmitters 4 - 6 and 8. The receiver 16 derives from the three 
manned * 0 " Si9na ' ** ^ PTOCeSSin9 by COmbinin 9 the input « suitable 

which" !s he in , 17n m co 1 !lH y f tem t aCCOrdin9 10 R9 ' 2> 8 Si9nal S0UrCe 2 iS C0Up,ed t0 a si "9' e transmitter 4 
To rinnnl P 3 ,ransm,tt,n 9 ante nna 5. Three inputs of the receiver 16 are coupled to a 

?2 ^Tl7?r g an ! enna 9,11 ° r 13 - The Channe ' COmprises now the th ' ee fadi ° iS- 'I and 

In the receiver 16 according to Fig. 3 a number of N receiving antennas 20. 22 ... 24 are coupled to 

receiver these inputs are connected to corresponding N front ends 26 28 

Acco'roSo to the^n 7 9 ' r0m endS , 26 ' 28 ' • • 30 ar9 C ° nneCted ,0 N inputs of combi ™9 ™ a ™ 32. 
According to the inventive concept of the present invention, each input of the combining means is 

baTsigtll 0 SeParati " 9 meanS 34,36 ' ' ' 38 f ° r SePar3tin9 thS broadband wTZSbZTJZ 

connected' "Jl? VTf? 34> 36 * " 38 c *«*«9 ^ub-band signals in the same sub-band, are 

, n h?I P , « SUb " ba " d combinin 9 mea "s 40. 42 • • • 44. The number of sub-bands is assumed 

to have a value L. Outputs of the sub-band combining means 40. 42 ... 44 are connected to final 

reSSeT; oo 0 W e°r b T, h a "T? ** * Simp '° adding i^s^sS 

esuJs n a fr«r ° UtPUt S ' 9na,S °' the SUb - b8nd COmbinin 9 means befo ' e combining. This 

results in a flat frequency response of the combination of channels for the wide-band siqnals The 

SKarEy? csxzs. a mw bank ~ L band pass 

receive" Si™^?7Vr ,rt, ? fl ^ ^ 4 *" r0CePti0 " ° f 8 PAL ™ Si9nal can be derived ,rom the 
54 Sc b oXL L , \ k n9 fM,er bankS 34 ' 36 • • • 38 by PAL demultiplexers 50. 52 - . 
thrS T V , 9 81 combinin 9 mea "S 46. The PAL demultiplexers 50. 52 ... 54 comprise 

IZ Tl- , H ° r , Separa,ln 9 t^ 'finance signal, the chrominance signal and the sound signal fromTheT 
g a ^^Z^*??™*?^ ^ Separati "9 *. luminance signal from Z IF 
leZaUn^l^ band - pass ha ™9 a band width of approximately 5 MHz can be used. For 

HZ Inn cnrom ' nance s, 9" a ' * band pass filter having a band width of approximately 2 Mh* has to be 
Thfce^ ""T a " d °< 2°0- 3 00 '3 neces^ 
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ends 26 28 * *T "'^ ' S d6termined b V *• frequency of the IF signal delivered '£ Z ^ ront 

« end! 26 28 . ™ LI k C0mp0n9n,s (^b-bands) of the video signal delivered by the different front 
combined si "h-'„ J V ft ?° m K Gd COmponem wise b V tn « s"b*and combining means 56. 58 ... 60 to 
combS «n h ^ ^' be ' n9 3 COnib, ' ned ' UminanCe si 9- 1al - a ~ mb l"ed chrominance signal and a 

^^^jszsz^r^ is not needed because ,hesa si9na,s - ba 

so ,h- reCe ' Ver accordin 9 t°m^ for reception of digitally modulated OFDM signals can be derived from 
so he ece,ver according to Fig. 3 by replacing the filter banks 34. 36 ... 38 (separating rrmansTby FFT 

^S^LST n) rfl- ' 66 ^ by intTOdUCin9 ana '° 9 ,0 d ' lt a ' coL^n mln y s in* 

Z n " a , P „ he " nal combinin 9 m « a "s 46 (Fig. 3) can be dispensed with. 

sicn2? infJ > „L TTl ViS ' 0n Multip,exin 9 (OFDM) Is a technique to combine many narrow-band 
S5 3 J im , ,■ , W ' d !: band Sl 9" a ' ^ing a Fast Fourier Transform (FFT). OFDM is described in "Analysis 
IMEEE ?r?n°^ ' d,9 " a : m0bite channel usin 9 or.hogona. frequency division multiplexing by L. J T cE 
n IEEE Transactions on Communications COM-33, July 1985. pp. 665-675 A suitable OFDM signal for TV 

h" S OFDM 3 Wid ' h °' 8192 MHZ ' C ° ntainin9 1024 -bchannels ^SnS7Sn?SnVi 
13 Very weM su,,ed tor transmission over multipath fading channels as the Terrestrial VHF/UHF 
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different effective signal-to-no.se ratio Th» . information >n each subchannel will display a 

independent .^^-TiTJirSSSSS^ "STT^" ^ ^ 

reception, it appears that the fadina charactaristirT in fhT , Panrtwl ™ B °- From measurements with indoor 
of the receiving antenna (spatial fad'ing, dS to ms J^T^ " heaV " y d8pend °' the ,ocatio " 
in combination with OFDM and spatial antenna di^stty ^ ' nVem ' 0n ™ ad ™°-^ be used 

ee Each o, the front ends 26.28 ... 30 deliver a digital signal to its corresponding FFT unit 62.64 . . . 

equivalent to splitting the input ^nX l^^^^o^^^ 0 "^ FFT ' S functiona »y 
units are combined by the sy fcband comWnl S me ^ ^ 6P L . T.'" 9 ^'k^* ^ different FFT 
the output of the 1024 »u^ d comSnln 9 main? M " . ! '/ B 6 , 1°°"^ r"*""" Signal - At 
(subchannels) are available for further processing ' comb,ned su »»and signals 

• ^t&Sr&T^Z^iSSTT ,hat r ^ si9na,s of thB front - ds 26 - 28 

combined sub-band signals by, he uSban combln nn e ^&|l^^s. After combination to 

separated by the sub-band separate mean 74 ^^^ifZL?"!"", Si9na ' S ^ ,0 be 
subchannels. 8 ,nto 16 se P ar ate signals, to obtain the 1024 

possible to control the selectlS awTte^ SSSn! d havi " 9 ,he lar0est power - « is a's° 

applied to a firs, input of a corresponding multip.fer 84 90 .' 96 and 1 " ° C ° mbi " ed 3rS 

92 for determining the modulus of the sub-band stonal' Th« V ,1 f \ , h '" PUt °' means *° M ' ' * 

to an input of a low oass filter 82 mm fQ4i t£ T ? P ° th ® means 80 (86) f 92 l is connected 

^ a low P ass rilter H ^ (88) [94]. The output of the low oatt filtor op /oo\ ro^i ■ 
second input of the multiplier 84 f94> fPfii Th« ,■>.,.„ ! . «T , pass ,,lter 82 < 88 ) [94] is connected to a 

35 rf-ai'S+rii (1) v% 
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S C =SL \a t - \ - a. + E | a .| /z . (2) 
The™* favourable situation occurs when the argument of a„ va.ue^s^^e, Then (2) can ^ 



^'•EK^Em,, (3) 



In which 6 is the argument of a, For the signal power can be derived from (3). 
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E-W-(Z\ ai \*? (4) 



IZ:^^^ 9 ^ 5 °' a " Ch3nne,S " - ** an ecus, power n, For ,he noise 
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/, i,=T«P- 2 |«, | 2 (5) 



'5 For the signal to noise ratio of the combined signal can now be found: 




(6) 
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S C =S- E • of,- • a" + E n, • a * (7) 

' = i i=i 

By replacing the product of a, and by \af (7) changes into: 
N N 

S C =S- L • | a,- 1 2 ♦ E« ( . (8) 
'-1 i=l 

pTwer^di^o ( ? 23w reZtiv S l na, H P o°w W e er T* T* ^ ^ "*« » *» -«K«- and noise 
to (3) which is only va idl^he aroumlt ^ ' \ J ] Va " d '° r a " circumsta ™es, in contradistinction 
ratio <or the ^^^2^.^™ ^ - -Q"- - noise 

band ecuaiisatiol ^VHS 1 ' Z^^^^r^J^^' M USed in adap «- *™ 

"on" by Lee and Messerschmitt 1 99 0 SB n 0 S£l5?? Chal l i" ** 2* "^a" 8 ' Comm »*»- 
can also be used for analog sionals is'rf^il h .k k ' Pt6r 95, PfX 309 - 4 °2. A method which 
55 Jakes. 1974. Wiley. Chapter 6 3 e 3 3 ^ft!" nr Microwave Mobile Communications". By 
of the limiting operation described at oaoe T '^T to perf0rm9d is the ™™*> 

operation when ,Se ^.££^1/21 " " a ' S ° P ° SS,ble '° 0b,ai " a USe,u " combi ™9 
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In the sub-band combining means 40 according to Fig. 8 the channel state estimator is replaced by a 
delay element hav,ng a delay time T. This type of sub-band combining means can be used J differential 
coded digital transmission. For the input signal of the i'» input of the combiner 40 can be written: 

5 r„~Sj -a, +/i„ (9) 

!L ( c 9> ■u'J 3 . ,he , ,nD * si9nal at ,he in P ut ° f th ° sub-band combining means at instant jT. 8, is the 

?i^'r?T% 8n ^, at mS,ant iT 'MI 18 n ° iSe Si9nal at ,he input of the sub ' band combining means 

at instant jT. For the output signal of the i ,h multiplier can be derived: 

rj =cr, • a,' • n, * . , * Sj \ ,) +n tJ • «,* . , (10) 

At a larfle siflnal to noise ratio the cross product of the noise terms can be neglected. For the output signal 
of the sub-band combining means 40 can be written: 

Assuming differential coding at the transmitter, for example Differential Phase Shift Keying, and assuming 
25 statistical independence of the noise signals, leads to the following expression for the signal to noise ratio: 



(12) 



nh? a m J^ 2> I 3 " , b .! See " th3t a ' WayS 8 near 0p,imal (3dB loss) combining of the sub-band signals is 
TtcZ'Jngto fTr^ °' 8 CarriSr r6COVery SVStem " n9eded SUb ba " d combini "9 ™ans 

Fig 9a and Fig. 9b show plots of the power spectrum of an (originally white) OFDM signal havina a 
carrier frequency of 762 MHz and a bandwidth of 3.5 MHz, received in a building from a transmitter oZdl 
the building. These two power spectra were measured at two receiving antenna positions at a distance of 1 
meter. It can be seen that the location of fades is strongly dependent of the antenna position. From these 

ilTl,T° °Z be ( st r\ ,hat il is P° ssib,e 10 obtain a signal without fades by using the combining 
technique according to the invention. 

Claims 

45 1 " rll 6 ^ tra " s ' nission s y stem comprising a transmitter, being coupled to a receiver via various 
channels, which receiver comprises combining means for combining the output signals of the channels, 
characterised in that the combining means comprise separating means for separating the output signal 
of each channel into a number of sub-band signals and in that the combining means comprises sub- 
so I!"? 7 T anS ? r COmbinin 9 corresponding sub- band signals from different channels into 
so combined sub-band signals. 




35 



2. 



55 3. 



Diversity transmission system according to claim 1 .characterised in that the receiver comprises a 
number of antennas at different positions for obtaining the output signal of a corresponding channel. 

Diversity transmission system according to claim 1 or 2, characterised in that the receiver comprises a 

™ of anlennas havi "9 different polarisation states for obtaining the output signal of a correspond- 

inQ cnsnnsl. 
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